Background: This post hoc analysis of a Japanese phase 3 randomized study (ClinicalTrials.gov identifier: NCT01855919) investigated relationships between pain severity (assessed by the Brief Pain Inventory [BPI]) and disease-specific health-related quality of life (assessed by the 24-item Roland-Morris Disability Questionnaire [RDQ-24]) in duloxetine-treated patients with chronic low back pain (CLBP). Methods: Patients with CLBP duration .6 months and BPI average score $4 received duloxetine 60 mg/d (N = 230) or placebo (N = 226) for 14 weeks. Spearman rank correlation coefficients were calculated for (1) BPI change from baseline and RDQ item change from baseline and (2) BPI change from baseline and the RDQ item baseline score in duloxetine-treated patients. Results: Duloxetine treatment significantly improved the RDQ-24 total score compared with placebo; the greatest improvements were observed for RDQ02, RDQ17, and RDQ13. The strongest correlations between BPI change from baseline and RDQ item change from baseline were for RDQ13, RDQ23, and RDQ10. The correlation coefficients for the correlations between BPI change from baseline and the RDQ item baseline score were generally small. Discussion: This post hoc analysis suggested that improvement in pain severity was associated with improvement in the RDQ-24 total score and in some individual RDQ items in duloxetine-treated patients with CLBP. Furthermore, positive responses to duloxetine in terms of the RDQ13, RDQ23, and RDQ10 items may correlate with better pain responses.
P atients with chronic low back pain (CLBP; usually defined as pain persisting for more than 3 months) 1,2 experience high levels of disability, loss of work productivity, anxiety, depression due to chronic pain, and deterioration in healthrelated quality of life (HRQoL). [3] [4] [5] [6] [7] As CLBP is a complex condition and up to 85% of patients with CLBP have no specific underlying causes, 8 patients with CLBP are a heterogeneous cohort, with varying demographics, manifestations of pain, and radiological findings, and a comprehensive and multidisciplinary approach is required to determine the appropriate interventions. [9] [10] [11] In addition, the potential for negative effects of treatment needs to be taken into consideration, such as the epidemic of addictions and overdose deaths associated with opioid use. Pharmacological treatments for CLBP recommended by international and Japanese treatment guidelines include NSAIDs, acetaminophen, muscle relaxants, antidepressants, and opioids. 1, 10, 12 Gabapentin had been reported to be effective for pain relief (for radiculopathy) 12 ; however, the recent literature suggests that there is limited evidence to support the use of gabapentinoids (gabapentin and pregabalin) in the treatment of CLBP. [13] [14] [15] Duloxetine, a serotonin-norepinephrine reuptake inhibitor, has been shown to have analgesic efficacy in CLBP. [16] [17] [18] [19] The exact mechanism of action of duloxetine in inhibiting pain is unknown. However, by inhibiting the reuptake of serotonin and norepinephrine in the dorsal horn of the spinal cord, it is thought that duloxetine activates descending pain inhibitory pathways, thereby producing an analgesic effect. 19, 20 Preclinical studies have shown duloxetine to exhibit analgesic effects at the peripheral level as well, by modifying sodium channels 21 and inhibiting P2X4 receptor function. 22 Owing to its predominantly centrally acting analgesic effect, duloxetine may be effective against the central sensitization component of CLBP. 9, 23 The efficacy and safety of duloxetine have been demonstrated in Japanese patients with CLBP responding inadequately to NSAIDs in a randomized phase 3 study. 19 Patients in the study had no radiculopathy symptoms, no other specific low back diseases, and no history of low back surgery and were diagnosed with CLBP as defined by Japanese 1 and international 24 guidelines. Duloxetine treatment significantly improved pain compared with placebo, as assessed by the Brief Pain Inventory (BPI) average pain severity score. In addition, duloxetine treatment significantly improved disease-specific HRQoL compared with placebo, as assessed by the 24-item Roland-Morris Disability Questionnaire (RDQ-24). The RDQ-24 is one of the most widely used functional scales for LBP and has a validated Japanese version. [25] [26] [27] In this study, duloxetine treatment also significantly improved HRQoL compared with placebo, as assessed by the "General Health" and "Mental Health" subscales of the 36-Item Short-Form Health Survey and the "Work time missed" subscale of the Work Productivity and Activity Impairment Questionnaire, but not the European Quality of Life 5-Dimensions questionnaire. 19 Treatment goals for CLBP should include improving HRQoL by reducing pain intensity. However, there is limited literature available evaluating the correlation between improvement in pain severity and HRQoL in patients with CLBP receiving analgesics.
The aim of the current post hoc analysis was first to investigate which RDQ item scores improved in parallel with the reduction in pain intensity, as assessed by the BPI, in duloxetinetreated patients in the previously conducted phase 3 study of duloxetine in Japanese patients with CLBP. 19 Second, we assessed which RDQ item baseline scores correlated with the reduction in pain intensity to investigate which patient cohorts might preferentially respond to duloxetine in the treatment of CLBP.
Methods

Study Design
Full details of the study design have been published elsewhere. 19 This was a multicenter, randomized, placebocontrolled, double-blind, phase 3 study conducted at 58 medical institutions in Japan from May 2013 to July 2014. The study protocol was approved by the institutional review board of each medical institution (a list of the institutional review boards has been published elsewhere 28 ). The study was conducted in accordance with the principles of the Declaration of Helsinki and Good Clinical Practice guidelines. All patients provided written informed consent before participating in the study. The study was registered at www.clinicaltrials.gov (NCT01855919).
Study Cohort
Male and female outpatients were eligible for the study if they had CLBP, as defined by Japanese 1 and international 24 guidelines, persisting for at least 6 months. Additional inclusion criteria were age 20 to ,80 years; used NSAIDs for $14 days per month for an average of 3 months before the start of the study and for $14 days during the 1-month period before the start of the study (regardless of the dose of NSAIDs and route of administration); and BPI pain severity (average pain) score 29 of $4 at visit 1 (week 21 to 22) and visit 2 (week 0). Patients were excluded if they had radiculopathy or radicular syndrome, a specific disease in the lower back (eg, tumor and myelitis), spinal canal stenosis with neural claudication, hernia with radicular syndrome, or radiating pain in the dermatome in the lower limbs. Other exclusion criteria were history of low back surgery; invasive treatment for the relief of LBP within 1 month before visit 1; requiring crutches or a walker; and having major depressive disorders according to the Mini-International Neuropsychiatric Interview 30 or suicidal tendencies according to the Columbia-Suicide Severity Rating Scale. 31 
Treatment Protocol
The study period consisted of a 1to 2-week pretreatment period, a 14-week treatment period, a 1-week taper period, and a 1-week followup period. Patients were randomized to receive duloxetine 60 mg once daily (a 20-mg capsule for 1 week, two 20-mg capsules for 1 week, and three 20-mg capsules for 12 weeks) or matching placebo capsules. The use of drugs with an analgesic effect was permitted as rescue medication for up to 3 consecutive days and for up to a cumulative total of 20 days.
Assessments
Pain was assessed using the selfadministered BPI average pain severity score, which measures average pain during the past 24 hours. 29 BPI average pain severity scores were rated on a scale ranging from 0 ("no pain") to 10 ("pain as bad as you can imagine"). LBP-specific quality of life was assessed using the self-administered RDQ-24. [25] [26] [27] For the baseline RDQ-24 score, each item was rated 1 (yes) or 0 (no); the RDQ-24 total score can therefore vary from 0 (no disability) to 24 (maximum disability). For the change in the RDQ-24 score, each item was designated 21 (yes at baseline/no at week 14; improvement), 0 (yes at baseline/yes at week 14 or no at baseline/no at week 14; no change), or 1 (no at baseline/yes at week 14; worsening).
Efficacy Outcomes
The efficacy outcomes in this post hoc analysis were the change from baseline to week 14 in the BPI average pain severity score and RDQ-24 total score and individual RDQ item scores.
Statistical Analysis
The post hoc analysis was performed on the full analysis set, which consisted of all randomized patients who received at least one dose of study drug and for whom postbaseline BPI average pain severity scores were available. Analysis of covariance was used to compare the change from baseline to week 14 in the RDQ-24 total score and RDQ items for duloxetine versus placebo, at a significance level of 5%. As this was a post hoc exploratory analysis, no multiplicity adjustment was conducted. Last observation carried forward was used when data at week 14 were missing. Spearman rank correlation coefficients (r) were calculated for (1) change in pain severity (as assessed by the BPI) and change in HRQoL (as assessed by the RDQ items) and (2) change in pain severity and the RDQ item baseline score in duloxetine-treated patients. For the relationship between change in pain severity and the RDQ item baseline score, multiple regression analysis (stepwise forward selection method) was also conducted to identify which baseline RDQ items were predictors of BPI change, at a significance level of 20%. Analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC).
Results
Demographic and Baseline Clinical Characteristics
In total, 456 patients were enrolled in the study, of whom 230 patients received duloxetine and 226 patients received placebo. Baseline characteristics were generally similar between the two treatment groups ( Table 1) . The mean (SD) baseline BPI average score was 5.1 (1.1) and 5.1 (1.0) in the duloxetine and placebo groups, respectively ( Table 1 ). The mean (SD) baseline RDQ-24 total score was 7.59 (4.38) and 7.77 (4.77) in the duloxetine and placebo groups, respectively ( Table 1 ). The two highest-rated individual RDQ items (where higher score = worse status) in both the duloxetine and placebo groups ( Table 1) 
Effect of Duloxetine Treatment on the 24-Item Roland-Morris Disability Questionnaire Total Score and Roland-Morris Disability Questionnaire Items
After 14 weeks of treatment, the improvement in the RDQ-24 total score was significantly greater in the duloxetine group than that in the placebo group {least squares (LS) 
Correlations Between Brief Pain Inventory Change From Baseline and Roland-Morris Disability Questionnaire Item Change From Baseline in Duloxetine-treated Patients
The three highest correlations between BPI change from baseline and RDQ item change from baseline were for RDQ13 ("My back hurts most of the time"; r = 0.344; P , 0.001), RDQ23 ("Because of the pain in my back, I go upstairs more slowly than usual"; r = 0.298; P , 0.001), and RDQ10 ("I only stand up for short periods of time because of the pain in my back"; r = 0.271; P , 0.001) ( Table 3 ).
Correlations Between Brief Pain Inventory Change From Baseline and the Roland-Morris Disability Questionnaire Item Baseline Score in Duloxetine-treated Patients
The correlation coefficient was negative for half of the RDQ items, Table 1 for a description of each item number. b As the value was 0 for all but two patients, the estimators could not be calculated.
meaning that higher baseline severity for these RDQ items was correlated with an improvement in pain severity. The three highest correlations between BPI change from baseline and the RDQ item baseline score were for RDQ10 ("I only stand up for short periods of time because of the pain in my back"; r = 20.144; P = 0.029), RDQ14 ("I find it difficult to turn over in bed because of the pain in my back"; r = 20.109; P = 0.100), and RDQ11 ("Because of the pain in my back, I try not to bend or kneel down"; r = 20.106; P = 0.107) ( Table 4 ).
Multiple Regression Analysis of Baseline Roland-Morris Disability Questionnaire Items as Predictors of Brief Pain Inventory Change
Multiple regression analysis identified 5 of 24 baseline RDQ items as predictors of BPI change. Multiple regression analysis showed that patients with lower disability as indicated by lower RDQ03 and RDQ06 scores at baseline, and patients with higher disability as indicated by higher RDQ10, RDQ14, and RDQ23 scores at baseline, tended to show a greater improvement in the BPI (Table 5 ). Table 6 ). For 14 of the 24 RDQ items, the correlation between BPI change from baseline and RDQ item change from baseline was statistically significant (Table 6 ). For 4 of these 14 items, the correlations between BPI change from baseline and the RDQ item baseline score were positive: RDQ02, RDQ03, RDQ08, and RDQ16 (Table 6 ). For 10 of these 14 items, the correlations between BPI change from baseline and the RDQ baseline score were negative: RDQ01, RDQ05, RDQ10, RDQ11, RDQ13, RDQ14, RDQ18, RDQ20, RDQ21, and RDQ23 (Table 6 ).
Discussion
Treatment goals for patients with CLBP are to improve HRQoL and to reduce pain intensity, while avoiding potential negative effects of treatment. For example, the addictive nature of opioids has led to serious opioidrelated epidemics, with opioid use being associated with long-term disability, 32 while not demonstrating any advantage over the use of nonopioid medications with respect to improving pain-related function. 33 Although comprehensive and multidisciplinary interventions are necessary, especially in severe cases of CLBP, pharmaceutical intervention is one of the key components of CLBP treatment. 34 Therefore, it would be of practical value for physicians to know which aspects of HRQoL could be improved with pharmaceutical interventions to guide treatment decisions and inform patients of likely treatment outcomes. It would also be clinically relevant if physicians are able to anticipate which patient cohorts, in the context of the RDQ-24 profiles, respond more substantially to an analgesic, leading to a higher level of pain reduction.
Although the chronic pathophysiology is different from that of CLBP, previous studies in patients with diabetic painful neuropathy (DPNP) found correlations between improvement in the pain score and improvement in HRQoL in duloxetine-treated patients with DPNP. 35 In addition, another study of DPNP showed different pain improvement profiles in terms of the Neuropathic Pain Symptom Inventory between duloxetine and pregabalin. 36 However, there is limited literature addressing the qualitative assessment of HRQoL as a predictor of treatment outcomes or responder profiles in the treatment of CLBP. In this study of Japanese patients with CLBP in which duloxetine improved both pain severity and HRQoL (as assessed by the RDQ-24 total score), the current post hoc analysis created a profile of the 24 individual RDQ items by categorizing them into four subgroups based on the following two types of correlations in duloxetine-treated patients: (1) correlations between BPI change from baseline and RDQ item change from baseline and (2) correlations between BPI change from baseline and the RDQ item baseline score. As far as we know, our study is the first report of such an analysis in patients with CLBP.
As reported previously, 19 duloxetine treatment significantly improved the RDQ-24 total score compared with placebo in this cohort of patients with CLBP. The current post hoc analysis extends these findings by showing different degrees of improvement in the individual 24 RDQ items by duloxetine treatment in this study cohort. In particular, the RDQ02, RDQ13, and RDQ17 items were statistically significantly improved by duloxetine treatment compared with placebo. As the RDQ02 and RDQ13 items were the two worst-rated items at baseline (mean of 0.79 and 0.73, respectively, in the overall study cohort), this suggests that duloxetine has a clinically relevant treatment effect on HRQoL that had deteriorated because of CLBP.
Irrespective of treatment differences relative to placebo, correlations between BPI change from baseline and RDQ item change from baseline in this post hoc analysis varied in strength for the 24 RDQ items. The strongest correlations between BPI change from baseline and RDQ item change from baseline were RDQ13, RDQ23, and RDQ10, suggesting that duloxetine-treated patients with CLBP who have improvements in these three RDQ items may have a better pain response. Of note, for 14 of Despite its overall efficacy as an analgesic, duloxetine has been reported to be more effective in some patient cohorts than others. 9,28 CLBP pathophysiology has multiple aspects, including nociceptive, neuropathic, socioeconomical, and psychogenic factors, and, therefore, patient cohorts with CLBP are heterogeneous. The RDQ-24 includes questions related to these pathophysiological elements. Thus, in the current post hoc analysis, we investigated which baseline characteristics in terms of the RDQ-24 were associated with a more substantial response to duloxetine. Assessment of correlations between BPI change from baseline and RDQ item baseline severity showed both negative (12 items) and positive (12 items) correlations in this cohort of Japanese patients with CLBP. Although the size of the correlation coefficient was generally small, the RDQ items with negative correlations at baseline might be candidates as predictors of the level of pain reduction occurring after treatment. Of note, similar results were obtained from the correlation and multiple regression analyses: three of the four RDQ items for which higher baseline severity predicted greater pain reduction in the correlation analysis (RDQ10, RDQ14, and RDQ23) were also identified in the multiple regression analysis. These analyses imply that these three RDQ items might be used as baseline predictors to estimate the posttreatment reduction in pain. It remains to be seen whether the classification of the 24 RDQ items into four categories based on correlations between BPI change from baseline and (1) RDQ change from baseline and (2) the RDQ baseline score in duloxetinetreated patients would allow physicians to predict a level of response to duloxetine treatment and its possible outcomes in terms of disease-specific HRQoL.
The use of patient-reported outcome measures to predict response to duloxetine has been shown for patients with DPNP in the COmbination vs. Monotherapy of pregaBalin and du-lOxetine in Diabetic Neuropathy study, which assessed high-dose duloxetine or pregabalin monotherapy Table 1 for a description of each item number. b Identified by multiple regression analysis ( Table 5 ).
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